The DNA fraction from a line of bovine embryonic kidney cells originally exposed as primary cultures several months earlier to a temperature-sensitive (ts) mutant of respiratory syncytial (RS) virus could be used to transfect human HEp-2 cells with the production of infectious RS virus. The DNA donor cells, designated BEK/RS ts, retained their healthy fibroblastic appearance during continuous cultivation at a temperature (390) restrictive for growth of the original infecting mutant and showed no evidence for RS virus replication or viral antigen synthesis when directly examined for these activities by conventional methods. 
peared to be either hybrid or wild-type for phenotypic properties such as their temperature sensitivity.
An infectious proviral DNA was also detected in a line of virogenic HEp-2 cells (HEp-2/RS) persistently infected with respiratory syncytial virus after exposure to the wild-type strain 2 years earlier.
An extensive literature exists attesting to the capacity of human and animal viruses to persist under conditions of natural infection or in cell culture systems and experimental animals (1) (2) (3) (4) . The pathogenetic mechanisms underlying these persistent infections are extremely diverse, as manifested by responses ranging from inapparent or latent infection, partial expression of viral gene functions on a continuous or intermittent basis, and noncytocidal "steady-state" production of infectious virus particles in apparent harmony with the resident host. Little is understood about the autonomy of viral nucleic acids associated with the persistence of conventional RNA-containing animal viruses in eukaryotes either in the absence of viral gene expression or between recrudescences of disease and virus production. This problem has occupied our interests for the past 2 years, during which time we have developed appropriate in vitro host-virus systems for studying molecular mechanisms which allow nononcogenic, enveloped riboviruses to coexist with the replicating host cell genome in a compatible manner. Respiratory syncytial (RS) Abbreviations: RS virus, respiratory syncytial virus; BEK cells, bovine embryonic kidney cells; R-MEM, reinforced Eagle's minimal essential medium; BSS, modified Hanks' balanced salt solution; SSC, standard saline-citrate; ts, temperature-sensitive; HR, heatresistant. * Visiting investigator from the Department of Bacteriology, Yama- gata University School of Medicine, Yamagata, Japan.
virus was chosen for study, since consideration is being given to the use of live, temperature-sensitive virus vaccines of this important pathogen for large-scale immunoprophylaxis of human populations (5) . This preliminary report chiefly concerns the important finding that RS virus can form infectious proviral DNA intermediates which persist in actively dividing mammalian cells independently of detectable viral gene expression. For experiments involving drug-treated cells, the inhibitors were freshly prepared using cell culture medium as a suspending solution. The inhibitors used included actinomycin D (gift of Dr. J. 0. Lampen), mitomycin C (Calbiochem), and cytosine arabinonucleoside (Nutritional Biochemicals Co.).
MATERIALS AND METHODS
Immunofluorescent Staining. The y-globulin fraction of horse antiserum to RS virus (Flow Laboratories) was used to prepare a fluorescein isothiocyanate immune conjugate as recently described by us (6) . Infected coverslip cultures of HEp-2 cells stained with this conjugate after fixation with cold acetone were examined by fluorescence microscopy. The samples were coded so that they could not be directly identified by the experimenter.
RESULTS
Origin and general properties of BEK/RS ts cells As part of a vaccine development program, we have isolated a collection of 25 ts (temperature-sensitive) mutants of RS virus using a regimen for chemical mutagenesis that is likely to produce multiple genetic lesions in genomes of the viable conditional lethal viruses recovered. The most stable of these RS mutants, ts 4074, was derived from a heat-resistant variant, HRS/50, by treatment of virus with N-methyl-N'-nitro-N-nitrosoguanidine and subsequent growth of the surviving fraction in primary BEK cells in the presence of 5-fluorouridine. As illustrated in Fig. 1 It was of obvious importance to establish the identity of plaque-forming virus arising from DNA transfections and rule out the possibility that an unrelated adventitious agent had been activated. A clonal analysis was also of interest since transfection yields of the type discussed above contained about 10% virus capable of forming plaques at 390 (see Table 1 ). The phenotypes of representative clones from more than 100 examined are shown in Table 2 . Clone RS- Table 3 , where it is seen that a 2-hr pretreatment of HEp-2 cells with either actinomycin D or mitomycin C completely blocked the production of infectious RS virus after exposure of cells to RS transfecting DNA. Conversely, the growth of wild-type RS virus under these conditions of drug treatment was enhanced (Table 3) , also indicating that this virus normally replicates independently of endogenous functional DNA. The negative effect of cytosine arabinonucleoside, as used in these experiments, would suggest that DNA transfection does not require new DNA synthesis.
Infectious proviral DNA in virogenic HEp-2/RS cells HEp-2 cells derived as the survivors of primary cytocidal infection with wild-type RS have been found to release a virus which is more temperate than the progenitor strain but, like the wild-type, is not temperature-sensitive (Iinuma and Simpson, in preparation). A DNA fraction prepared from these HEp-2/RS cells at the 79th passage level was found to be infectious for normal HEp-2 cells under our conditions of transfection except when this DNA was pretreated with DNase (Table 4) . Furthermore, the progeny of this DNA transfection yield displayed the same ts + phenotype as the RS virus which is shed at low levels from HEp-2/RS cells on a continuous basis.
DISCUSSION
This study has revealed an important biological phenomenon, namely, that a ribovirus of humans, RS virus, has the pathogenetic potential for forming DNA intermediates which can be perpetuated in actively dividing mammalian cells and recovered in a form which is directly infectious for permissive cells. This type of information transfer has previously been regarded as a unique property of RNA viruses presently classified as "leukoviruses" (4, 8) . The viral progeny arising from our DNA transfection experiments possess both the antigenic specificity and syncytial plaque characteristics as well as other markers of the original infecting RS virus used to establish this cell line, thus excluding the chance activation of a latent, unrelated adventitious agent as the principal event observed. The generation of RS virus phenotypes of hybrid or "wild-type" character by transfection with DNA from donor cells (BEK/RS ts) initially infected with a ts mutant is an interesting, unexplained phenomenon. The two in vitro models for persistent RS virus infections described here also demonstrate that this virus can form its relevant DNA species under conditions of either latent or virogenic infection, and irrespective of the growth temperature sensitivity of the original infecting strain.
Two immediate questions of central interest concern, first, whether other RNA viruses (excluding leukoviruses) can enter a DNA pathway and, second, the mechanism whereby these DNA intermediates are transcribed from the viral RNA genome. In answer to the first question, we can report our preliminary findings (M. Forman and R. W. Simpson, in preparation) that an infectious virus-specific DNA fraction has been extracted from passaged chick embryo fibroblasts latently infected with a ts mutant of WSN influenza virus. Additionally, Zhdanov and colleagues (9, 10) have recently published molecular hybridization data which implicated the presence of virus-specific DNA sequences in a 15-yearold line of HEp-2 cells chronically infected with tick-borne encephalitis virus and in chick embryo cells infected with measles virus. Low levels of either infectious ribonucleoprotein or virions were recovered in these systems and these workers detected an infectious DNA in the HEp-2 line after multiple or primary passage of the DNA fraction in suitable indicator cells. Collectively, all these observations signify that various classes of riboviruses (4) have the potential for forming proviral DNA intermediates under specific selective conditions. It is likely that other riboviruses of negative and positive strand polarity will be shown to participate in this phenomenon when the appropriate system is examined.
The formation of proviral DNA intermediates by "conventional" RNA-containing viruses is most probably achieved through the mediation of an RNA-directed DNA polymerase (reverse transcriptase) which exists either as a normal enzyme of the cells in which this DNA appears or, alternatively, as an enzyme function associated with an endogenous virus residing in these cells. Germane to this hypothesis is the result of preliminary tests in our laboratories which indicate that the RS virus derived from either the HEp-2/RS or the BEK/RS ts cell lines of this study possesses a DNA polymerase activity absent in the viruses used to establish these two lines. The fact that this enzyme activity appears to exist in an RS clone originating from DNA transfections would further suggest that the genetic information for this enzyme is contained in the virus itself, thus raising the possibility that this ribovirus has the capacity for genetic recombination at the DNA level with either host cell genomes or other viruses. This model, if valid, holds important implications regarding mechanisms of information transfer in eukaryotic cells and the origin of novel viruses in nature (11, 12) . It has been reported that a reverse transcriptase activity exists in virions of Newcastle disease virus (13) and rubella virus (14) released from chronically infected cells. Further studies may show that this enzyme property is a common attribute of other enveloped riboviruses associated with longterm persistent infections.
The ability of RS virus to establish an endosymbiotic infection at the level of DNA poses an important molecular mechanism which could permit this and other riboviruses to persist in eukaryotic cells for extended periods. Thus, the suspicion that riboviruses are involved in the genesis of various chronic degenerative diseases of humans (3, 15) 
